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t e s t e d  as a source i n  u l t r a v i o l e t  r a d i o m t r y .  

des ign ,  s t a b i l i z i n g  and ope ra t ing  techniques and t y p i c a l  s p e c t r a l  

r ad iance  c a l i b r a t i o n s  from 2200 A t o  7000 A was presented a t  t h e  

I n t e r n a t i o n a l  Symposium on S o l a r  Radiat ion Simulat ion i n  Los Angeles, 

C a l i f o r n i a ,  January 1965. 

included i n  t h i s  r e p o r t  and a more ex tens ive  paper i s  being prepared. 

LA paper g iv ing  t h e  a r c  

A cop7 of t h i s  paper (Appendix A) i s  

An a t tempt  w i l l  be made during 1965 t o  develop a small po r t ab le  

model of t h e  high pressure  plasma a r c  which can D e  se t  up and used 

wi thout  ex tens ive  s p e c i a l  l abo ra to ry  equipment and f a c i l i t i e s .  It  is  

expected t h a t  such an arc could be manufactured commercially and ca l -  

i b r a t e d  i n  terms of s p e c t r a l  radiance a t  NBS down t o  2000 A .  

3 .  Standards and Techniques f o r  Accurate Radiometry. 

The measurement of o p t i c a l  r ad ia t ion  i s  one of t h e  least accu ra t e  

phys i ca l  measurements capable  o f  being made today. 

s tandard  s t r i p  lamps c a l i b r a t e d  f o r  s p e c t r a l  rad iance  a t  NBS i n  

r e c e n t  yea r s  have had u n c e r t a i n t i e s  as l a r g e  as 3% a t  2.6 p and 8% 

a t  2500 A .  

NBS s i n c e  about 1961. 

t a t i o n  f o r  t h e  more accu ra t e  c a l i b r a t i o n  of  s p e c t r a l  rad iance  s tandards  

were l a r g e l y  completed. Tungsten s t r i p  lamps can now be c a l i b r a t e d  

down t o  2000 A and t h e  unce r t a in ty  of t h e  c a l i b r a t i o n  a t  wavelengths 

between 2500 A and 8500 A reduced about a f a c t o r  of  5. 

of  t h e  spectroradiometer  and assoc ia ted  equipment developed f o r  t h i s  

purpose i s  given i n  Appendix B. A d e t a i l e d  paper covering t h i s  work 

w i l l  be a v a i l a b l e  later i n  1965. 

For example, 

An e f f o r t  t o  improve t h i s  s i t u a t i o n  has  been underway a t  

During t h e  p a s t  .ear techniques and instrumen- 

A d e s c r i p t i o n  



. .’ 
d 

, I 

e 
Development of a S t a b l e  U l t r a v i o l e t  Source 

and Techniques f o r  Accurate Radiometry 

1. Object ive.  The o b j e c t i v e s  o f  t h i s  p r o j e c t  were three- fo ld .  

a .  To develop and i n v e s t i g a t e  a high pressure  plasma a r c  as a 

a s t a b l e  source of high u l t r a v i o l e t  rad iance .  

To develop and i n v e s t i g a t e  techniques f o r  t h e  accu ra t e  mea- b. 

s-a-ement of s p e c t r a l  rad iance .  

c .  To consul t  a t  NASA i n s t a l l a t i o n s  on fundamental problems 

r e l a t i v e  t o  t h e  measurement of r a d i a t i o n .  

2 .  A S tau le  Arc Source of High U l t r a v i o l e t  Radiance. 

Tnere i s  a need i n  u l t r a - v i o l e t  radiometry f o r  a s taa le  source 

A t  w i t h  s i g n i f i c a n t l y  greater rad iance  than  a tungs ten  s t r i p  lamp. 

2200 A a tungs ten  s t r i p  lamp has a m a x i m u m  s p e c t r a l  rad iance  of about 

36 watts cm-3 s t e r - l  as compared t o  about 28 x l o 4  watts emn3 ster-I 

a t  6550 A .  

s i g n a l  t o  no i se  r a t i o  and a l s o  i s  the source of troublesome s c a t t e r e d  

This  l a r g e  decrease i n  t h e  u l t r a v i o l e t  produces a low 

l i g h t .  

4 a t  2200 A of ar.out 3 x 10  

a radiance only about t e n  t imes t h a t  of t h e  s t r i p .  

A 20 atmosphere 50 ampere argon a r c  has a s p e c t r a l  rad iance  

t h a t  of t h e  s t r i p  lamp but a t  6500 A has  

Thus t h e  s i g n a l  

t o  noise r a t i o  i s  increased  and t h e  s c a t t e r e d  l i g h t  reduced s i g n i f -  

i c a n t l y  i n  t h e  u l t r a v i o l e t  w i th  t h e  argon a r c .  

A high pressure  plasma a r c  e x h i b i t i n g  rad iance  temperatures  of 

about 5000 OK a t  2200 A and a r e p r o d u c i b i l i t y  i n  s p e c t r a l  rad iance  

of  about 1% over a per iod of s e v e r a l  hours has  been developed and 
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Sdr ing  1965, i n v e s t i g a t i o n  of some of t h e  small s;stematic e r r o r s  

i n  t h e  spectroradiometer  and assoc ia ted  appara tus  w i l l  cont inue.  The 

s p e c t r a l  rad iance  of  t h e  l o w  cur ren t  carbon a r c  w i l l  be determined, and 

tlie sFectroradiometer  wavelength range w i l l  be extended t o  2.5 microns. 

4.  - Consul t ing 

During t h e  past year  c l o s e  technica l  con tac t  was maintained wi th  

the  rad iometr ,  work of a number of HASA l a b o r a t o r i e s .  Severa l  days 

were spent  i n  M r .  E r i c  Laue 's  labora tory  a t  t h e  J e t  Propuls ion Lab- 

o r a t o r y  and i n  M r .  J .  P o l l a c k ' s  labora tory  a t  t h e  Lewis Space F l i g h t  

Center .  A d e t a i l e d  d iscuss ion  on t h e  measurement of s p e c t r a l  i r r a d -  

i ance  i n  s o l a r  s imula tors  was held wi th  a de lega t ion  from Langley 

F i e l d ,  and a s p e c i a l  symposium on r a d i a t i o n  s tandards  was he ld  a t  NBS 

f o r  NASA r e p r e s e n t a t i v e s .  I t  i s  believed t h a t  t hese  var ious  con tac t s  

have been b e n e f i c i a l  and w i l l  h e lp  l ead  t o  an e a r l i e r  s o l u t i o n  of  idASA 

problems involv ing  t h e  measurement o f  o p t i c a l  r a d i a t i o n .  
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APPENDIX A 

"A S t a b l e  Arc Source of High U l t r a v i o l e t  Radiance" 

C .  R .  Yokley 
Nat iona l  Bureau of Standards 

Washington, D.  C . 

A high p res su re  argon a r c  wi th  an i n t e n s e  continuum has  been 
developed as a poss ib l e  source i n  u l t r a v i o l e t  radiometry.  
s t a b i l i z e d ,  cont inuously opera t ing  a r c  ex l l i b i t s  rad iance  temperatures  
of about 5000 O K  a t  2400 A .  
from 50 t o  130 amperes and pressures  from 5 t o  25 atmospheres. 
p r o d u c i b i l i t  
flow, a r c  cu r ren t ,  and chamber pressure are r egu la t ed  wi th in  pres- 
c r ibed  limits. Shor t  t e r m  r e p r o d u c i b i l i t j  over a per iod of s e v e r a l  
hours  i s  about 1% i n  s p e c t r a l  radiance.  
approximately p ropor t iona l  t o  the  square r o o t  of t h e  pressure  wi th  an  
upper s t a b i l i t y  l i m i t  of 375 ps ia  f o r  50 ampere a r c s .  
s t a b i l i z i n g  and ope ra t ing  techniques a long  wi th  t y p i c a l  s p e c t r a l  rad- 
i ance  c a l i b r a t i o n s  from 2200 A t o  7000 A i s  given. 

The w a l l -  

T jp i ca l  ope ra t ing  condi t ions  are c u r r e n t s  
Re-  

of s p e c t r a l  radiance c a l i b r a t i o n s  i s  about 3% when argon 

The s p e c t r a l  rad iance  i s  

The a r c  design,  



"A S t a b l e  Arc Source of High U l t r a v i o l e t  i?,adiancew 

C .  3 .  Yokley 
Nat iona l  Eureau of S tandards  

Washington, D. C. 

A high p r e s s c r e  argon e r e  w i t h  an  i n t e n s e  continuum has been 
2eveloped as a p o s s i b l e  source in u l t r e v i o l e t  radiometry.  The w a l l -  
s t a b i l i z e d ,  cont incous ly  opera t ing  a r c  e x n i b i t s  rad iance  tempera tures  
o f  aoout 5000 OK a t  2400 A .  
from 50 t o  100 m p e r e s  and. p e s s u e s  from 5 t o  25 Ezmospheres. 
p r o d u c i b i l i t y  of s p e c t r a l  radiance c a l i b r a t i o n  i s  about 3% when argon 
flow, a r c  c u r r e n t ,  and chvnbar pressure  are r egu la t ed  w i t h i n  pres -  
c r i b e o  Xnits. 
?Aours is about 1% i n  s p e c t r a l  radiance.  
e p p r o x h a t e l y  p ropor t iona l  t o  t h e  square r o o t  of  t h e  p r e s s u r e  w i t h  an 
upper s t a b i l i t y  l ia l t  of  375 p s i a  f o r  50 ampere a r c s .  
s t a b i l i z i n g  and ope ra t ing  techniques a long  wi th  t y p i c a l  s p e c t r a l  rad- 
i a n c e  c a l i b r a t i o n s  from 220G A t o  7000 A is  given. 

Typical ope ra t ing  cond i t ions  are c u r r e n t s  
Re- 

Shor t  term r e p r o d u c i b i l i t y  over a per iod  of  s e v e r a l  
The s p e c t r a l  r ad iance  i s  

The a r c  des ign ,  
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Xt tiie ? re sen t  t i m e ,  tnere i s  a need for 2 high i n t e n s i t y  ultra- 

violet r z d i a t l o n  source which is s t a b l e  and reproducib le .  Such a 

source  has  Icain a p p l i c a t i o n  as a reference ,  but a l s o  has  a p p l i c a t i o n  

i n  t h e  f i e l d s  o f  s o l a r  s i a u l a t i o n ,  hea t  t r a n s f e r ,  plasma phys ics ,  i r r a d -  

i a t e d  materials, snd chen ica l  photo lys i s .  

I n  view of t h e  f a c t  t a a t  t he re  a re  no coaqe rc i a l  sources  a v a i l a b l e  

uh ich  produce s t a b l e  r e p r o d w i b l e  u l t r a v i o l e t  r a d i a t i o n  of t h e  d e s i r e d  

rccgnitude, s e v a r a l  laborator*;  designs of  high-pressure argon sources  

were coss t ruc t ed  2nd inves t iga t ed .  The r a d i a t i o n  c n a r a c t e r i s t i c s  of  

2 sat5sfactor;-  des ign  of such an a rc  source which e x h i b i t s  h igh  s p e c t r a l  

r ad iance  of  good s t a b i l i t y  and r e p r o d u c i b i l i t y  have been eva lua ted .  

The term s t a b i l i t y  as used here  means t h a t  t h e  s i g n a l  t o  n o i s e  r a t i o  

or" t h e  observed r a d i z t i o n  i s  100 or b e t t e r ,  and that t h e  d r i f t  of t h e  

average  value o f  t h i s  r a d i a t i o n  i s  l e s s  than  1% dur ing  t h e  s e v e r a l  

ZninEtes r equ i r ec  f o r  t h e  measurenent. 

2.0 Apparatus 

2.1 The Arc-Source 

The source,  shown schematical ly  i n  F igu re  1, i s  e s s e n t i a l l y  a 

s t a c k  or' f o u r  e l e c t r i c a l l y  in su la t ed  elements  which comprise t h e  w a l l  

s t a b i l i z i n g  geometry. 

d i a x e t e r ,  and t n e  sepa ra t ion  between ad jacen t  e lements  i s  0.1 inch.  

The arc channel through each is  0.125 inch  i n  

A cross s e c t i o n  of one of  t h e  s t a b i l i z i n g  elements  used a d j a c e n t  t o  

tiie observa t ion  zone o f  t h e  a r c  i s  given i n  F igu re  2. The coo l ing  
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x t t c  f low ir, all f o i z  0: tr,e eier,ents i s  t h s  same al though t n e  xetkod 

of  noldi-g t h e  copper i n s e r t  i s  S i f f e r e n t  f o r  those  near  t h e  e l ec t rodes .  

The over-El l  design or" t c e  high-pressure s o u c e  i s  such that  t h e  p re s su re  

v e s s e l ,  a r c  s t a b i l i z i n g  eiaments,  cool ing water channels ,  and viewing 

windows Zorm one i n t e g r a l  uni t .  

i n  he ign t  ar?d 3 i cches  i n  diameter.  

Tne assembly measures about 16 inches  

Trovis ion  f o r  argor, i n j e c t i o n  between t n e  a r c  s t a b i l i z i n g  elements  

d e t a r n i n e s  t n e  flow c k e r a c t e r i s t i c s  o f  t h e  source,  and i n  p a r t  t h e  upper 

stability lkit f o r  hign p r e s s w e  opera t ion .  

3srt between eacn p a i r  of elements except t hose  forming t h e  a r c  obser- 

v a t i o n  zone. No i n t e n t i o n a l  flow e x i s t s  i n  t h i s  zone. 

There is  an  argon exhaust  

Tne 6 i r e c t i o n  of  flow appears  t o  be important  on ly  i n  t h e  elec- 

t r o d e  chambers and t a n g e c t i a l  argon i n j e c t i o n  i s  used i n  t h e  space 

'sef;ween t h e  e l e c t r o d e  ti:, and t h e  adjacent  w a l l  s t a b i l i z h g  element.  

irie nign-pressure argon i s  suppl ied t o  t h e  a r c  by t n e  s y s t e m  as des- 

c r ibed  i n  F igure  3 .  

m 

Tr,e n a i n  e l e c t r o d e s  for t h e  a rc  are l o c a t e d  a t  t h e  ends of t h e  

assembly, and t h e  t o t a l  a r c  c u r r e n t  i s  conducted through t h e s e  elec- 

t r o d e s .  

v e r t i c a l  and a hollow, water cooled cathode a t  t h e  top.  

The a r c  assembli  i s  operated wi th  t h e  long  axis of  t h e  arc 

A 1/8 i nch  

Ciaxeter h o l e  through t h e  cen te r  of t h i s  e l e c t r o d e  permi ts  i n s e r t i c n  

and withdrawal o f  an a r c  s t a r t i n g  rod. 

The e n t i r e  essembly i s  mounted on an o p t i c a l  bench i n  such a 

manner t h a t  sll necessary  t r a n s l a t i o n s  and r o t a t i o n s  f o r  proper  
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:* Li,~:~l:1t:~i, w i t ! ;  t,:le iT,orio~::.:'on,;lt.or car1 bc carried out  with micrometer 

i>rac is io i i  (0.001") . Ti.o t a r g e t  a rm (ciescr i lad lrttei.) of tkie observed 

a r c  i s  loca ted  between t h e  two c e n t r a l l y  loca t ed  arc  s t a b i l i z i n g  elements.  

TLe r a d i a t i o n  rr.easured passes  through a water-cooled q u a r t z  window. The 

observable  r a d i a t i n g  a r c  voluxte i s  geometr ica l ly  determined by t h e  1/8 

i s c h  cliuneter h o l e s  i n  t h e  s t a b i l i z i n g  elements and t h e  0.1 inch  separ-  

a t i o n  be tuees  x e n .  

s o l i d  a g l e  f o r  a centrall ; .  locz ted  p o i n t  s o w c e  i s  f/15. 

2.2 C or?trol  SquipEent 

Tfie i c t e r z a l  cons t ruc t ion  i s  such t h a t  t h e  l i m i t i n g  

S taS le ,  reproducib le  pe r fo rmaxe  o f  t h i s  source r e q u i r e s  c o n t r o l  

or' t h e  t o t a l  p re s su re ,  t h e  argon mass flow i n  t h e  chambers, and t h e  arc 

c u r r e n t .  The a r c  cu r rex t  is  maintained cons tan t  t o  w i t h i n  0.06 ampere 

LJi u s i n g  a s e r i e s  r e , d a t i n g  element connected as shown i n  F igu re  4. 

T%is s e r i e s  e l e n e x t  i s  a group of  t h i r t y  I;ower t r a n s i s t o r s  ( Q  -Q ) 1 30 
comec ted  In  p s r a l l e l .  Essentiall ; i ,  t h e  vol tage  drop a c r o s s  t h e  s e r i e s  

L Y i t  I s  var i ed  ir, a marrier s o  as t o  oppose c u r r e n t  changes. 

qu i red  v a r i a t i o n  i s  dete-mined by an e r r o r  s i g n a l  which i s  t h e  d i f f e r -  

The re- 

ecce batween t h e  s h m t  and re ference  vol tages .  

a n p l i f i e d  i n  magnitude and p o l a r i t y ,  c o n t r o l s  t h e  ser ies  u n i t .  

This  s i g n a l ,  p rope r ly  

For  a given spacing o f  t h e  s t a b i l i z i n g  u n i t s  and main e l e c t r o d e s ,  

t h e r e  i s  an Ep?er t o t a l  p re s su re  l i m i t  f o r  an  a r b i t r a r i l y  chosen set  

of argon mass flow rates. These f l o w s  are deterniined exper imenta l ly  

f o r  t h e  maximum p r e s s a r e  t o  be used oy observing t h e  n o i s e  on a recorded 

r a d i a t i o n  signal and bJ, making adjustments ( p r i m a r i l y  a t  t h e  cathode)  

u n t i l  t h e  s t a b i l i t y  ss def ined  above i s  obtained.  Once t h e s e  flow rates 



The gas flow sjstem as described permits  r egu la t ion  of t h e  t o t a l  

rjressLz-e t o  w i t h i n  1/1, p s i 2  over the whole range of  p re s su res  used. 

l ~ i e  z o t a l  pressl i re  i s  determined by t h e  s e t t i n g  of r e g u l a t o r  R2 and 

w e  i n d i v i d u a l  e x i t  flows f r o n  tne  caambers a r e  ad jus ted  by means o f  

rn. 

vzlt'es ivl-iT,j r e g u l a t o r  Tiese  flows are  kept  cons tan t  t o  
f "3  - 

w i t n i n  abou-c 2% of x e  o r i g l m l  value by occas iona l  manual adjustments .  

2.3 S p e c t r a l  Radlasce Measuricg Equipment 

T:ie op t i ce l - e l ec t ron ic  rr,eesurir,g system i s  shown schematical ly  i n  

r , ,we.j .  n: B s s i c a i l y ,  it c o n s i s t s  o f  an  Ebert- type monochromator and 

p rov i s ion  f o r  inaging t h e  source on the en t rance  sl i t .  A s  measurements 

a r e  rcade i n  t h e  d t r a v i o l e t  and over a wide s p e c t r a l  range,  f irst  surface 

d i u n i n ~ ? ~  n i r r o r s  a r e  used i o  reduce t h e  absorp t ion  and t o  e l i m i n a t e  t h e  

r ,ecessi ty  OZ r e f o c m s k g .  The s,-sterc inc l cdes  p rov i s ion  f o r  t h e  i n s e r -  

t i o r ,  of s u i t a b l e  r'ilters (F F ) i n  t h e  o p t i c a l  pa th  t o  e l imina te  t h e  1 2  

secozc and t c i r d  o r d e r  s p e c t r a  2nd i o  a t t e n u a t e  t h e  a r c  r a d i a t i o n  so 

t h a t  t k e  pho tomul t ip l i e r  c u r r e n t s  w i l l  n o t  be t o o  high (1 x lo'? ampere 

maximum). Tile pnotomul t ip l ie r  t h a t  i s  p r imar i ly  used i s  of  t h e  l l so l a r -  

b l ind"  type  ana i s  used t o  c u t  down t h e  e f f e c t  of  s c a t t e r e d  l i g h t  upon 

t h e  s i g n a l  when measurements are being made i n  t h e  u l t r a v i o l e t .  Wnen 

t h e  measurements a r e  being made a t  2500 A,  t h e  r e s u l t a n t  c o n t r i b u t i o n  

o f  t h e  s c a t t e r e d  l i g h t  t o  t h e  t r u e  s i g n a l  i s  about  1%. 



Tne r e p r o d u c i b i l i t y  or' tr:e s p e c t r a l  radiance o f  t h e  source involves  

~ a d i a t i o n  from a p a r t i c u l a r  geometr ical ly  loca t ed  volume wi th in  t h e  a r c  

wsa:; a l l  o f  t h e  above me::tiored opera t ing  cond i t ions  are he ld  cons t an t  t o  

w i t c h  t h e  prescr ibed  l ini ts .  

n i f i c a t i o n  a 6  tr.e ec t r azce  s l i t  diner,sior.s i s  0.022 inch  high and 0.012 

;-cn wide. Tr.e a r c  i s  pos l t i oced ,  r e l a z i v e  t o  t h e  monochromator, so that 

tfiis a r e a  i s  centered  between t h e  s t a b i l i z i n g  elements i n  t h e  v e r t i c a l  

sxise, 2nd at t h e  p o s i t i o n  g iv ing  the naximm s p e c t r a l  rad iance  reading  

~ o r i z o n t a l l y .  Tne h o r i z o n t a l  s p e c t r a l  rad iance  p r o f i l e  i s  such t h a t  a 

:navvement of t h e  a r c  01' about  0.005 inch  e i t h e r  s i d e  of  t h e  above p o s i t i o n  

caLses a 18 decrease  i n  the s p e c t r a l  rad iance  measurement. This  p r o f i l e  

almg w i t h  the s i z e  03 t n e  t a r g e t  area determines the  s e n s i t i v i t y  of  tne 

measurenects t o  the 2 o s i t i o n i c g  of t h e  a r c .  

S O ~ X C S  azd the a r c  have t o  32 ~ o v e d  d c r i n g  the course of the measurements, 

tile a l igyxen t  or' t k e  t a r g z t  a r e a  of both with r e s p e c t  t o  t h e  nonochromator 

Is re7roduced as n e a r l y  as  2oss lb l e  (0.001 i n . ) .  

3 . 2  C a l i b r a t i o n  

Tke t a r g e t  area as determine6 from t h e  mag- 

- ,  

Since  both t h e  c a l i b r a t i o n  

I n  ordsr t o  nake t h e  measurements independent of  t h e  o p t i c a l  e lements ,  

an  e x t e r n a l  r e fe rence  of known s p e c t r a l  rad iance  i s  s u b s t i t u t a d  f o r  t h e  a r c  

a l t e r  each expe r i . en t .  Tiis r.efer<:,ce source i s  a tungs ten  r ibbon-f i lament  

1ix111) and k i t i s  a qdartz  w i r d o w .  The lamp was c a l i b r a t e d  i n  terms of  average 

s p e c t r a l  rad ience  over t c s  t a r g e t  area i n  the Temperature P h i s i c s  Sec t ion  of  
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e l s c t r i z  m e a s m e m n t s  are cepezdent upon t h e  fatigue c h a r a c t e r i s t i c s  of 

t i ie p i lo tomul t ip l ie r ,  t h e  e f f e c t s  of which are minimized by l i m i t i n g  t h e  

ou tpu t  c - u r e n t  t o  0.1 microampere and, a d d i t i o n a l l y ,  by exposing t h e  

2ho tomnl t ip l i e r  to l i g h t  f o r  a one hour pre- fa t igue  program a t  an output  

c z r r e n t  o f  0.2 n 5 c r o m p r e .  

s t r i ?c i=a r t  recordings are taken a t  190 PA i c t e r v a l s  by ckangi:;g t h e  wave- 

l e n g t h  s e t t i n g  of t h e  nococzroniator. 

For neasuremerits made i n  t h e  u l t r a v i o l e t ,  

A t  each wavelength s e t t i n g  used, the 

p io to rnu l t ip l i e r  c w r e n t  Is coEtinuously recorded and t h e  measuremsnts or" 

s t a b i l i t y ,  s c a t t e r e d  ligh: an2 s igza l  t o  no i se  r a t i o  are c a r r i e d  ou t .  

A s  soon as a set  of s p e c t r a l  neasurements h a s  been completed, t h e  

c d i b r a t e d  s t r i p  l a q  i s  subs t i t u t ed  f o r  t h e  a r c ,  the f i l t e r  (F ) removed 

2x5 c a l i b r a t i o n  perforxec.  Tne da ta  from t h e  a r c  measurements, t h e  s t r i p  

lsmp c z i i b r a t i o n ,  an2 tr,e r"2:er t r a n s m i t t a ~ c e s  permit  c a l c u l a t i o n  of  t h e  

a b s o l u t e  s p e c t r a l  r ac i snce  or" m e  E&-pressure  a r c  source.  

1 

4.0 3esults 

4.1 Absolute S p e c t r a l  Radiance 

The s p e c t r a l  rad iance  c h a r a c t e r i s t i c s  for a 50 ampere arc opera ted  a t  

p r e s s u r e s  of 75 ,  150, and 300 p i a  are given i n  F igu re  6. Included i s  

[l; H. J. Kostkowski and 3. I). Lee, Theory and Methods of O p t i c a l  Pyrometry, 
22-26, Nat iona l  Bureau of Standards Monograph 41. 
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-1 -2 em c m  steradian-’. The 300 p i a  value f o r  t h e  a r c  chamber t o t a l  p re s su re  

i s  m cpger  s t a b i l i t y  limit f o r  the  a r c  as assembled f o r  t h e s e  experiments.  

- .  .; 75 . m ? ~ r s  21-2 .AS zr.2 s sacz ra l  rac;ar,cc? c a a r a c t e r i s t i c s  as pre- 

s ec t e2  i n  F i g c e  7. A% t k i s  c u r r e s t ,  a soxewhat lower p re s su re  of  225 

p i a  i s  t s e  zxx%ixx. p r e s s u e  _.erml%ted f o r  assured s m b i l l t y  of  t h e  2rc .  

i n  view ol the fact, that  t n e  75 m.?ere a r c  a t  t h e  maximum pres su re  does - 

T,G: e x h i b i t  s i g n i f i c a y t l ;  g r e a t e r  s p e c t r a l  rad iance  than  tne  300 p s i a  

a r c  a t  53 aiiperas, t h e  l a t t e r  i s  recomended because of t h e  s impler  

power supply r ecp i r enen t s .  The voltage ac ross  t h e  e l e c t r o d e s  f o r  t h e  

5‘3 ampere 300 psia a r c  i s  a b o u t 1 2 5  v o l t s .  

A i t h o U ~ h  t h e  sgectral  radiance as shown by t h e  curves i n d i c a t e s  

r d i s t i o r ,  I’rom a cor,tir,uons source, this i s  t k e  case  only f o r  wavelengths 

l o s s  ~ n a r .  eboui 38GCI A. Above t k i s  va l ze ,  t h e s e  high-pressure a r c s  

e x h i b i t  l i r e  s ? e c t r m  as w e l l  as continuum. The r e p r o d u c i b i l i t y  r epor t ed  

h e r e  i s  r?owever based upon zeaswements  made i n  t h e  continuum o n l i .  I n  

t h e  d t r a v i o l e t  r&n,ge from 2100 A t o  3500 A t h e r e  i s  no observed l i n e  

e a i s s i o n .  

L.2 Fieproducibi l i ty  

A 303 p s i a  50 anpere a r c  has been s e l e c t e d  as r e p r e s e n t a t i v e  o f  one 

0 ; ’  tile more useful, t:.ouble-r’ree arcs evaluated.  Such an a r c  e x h i b i t s  
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f o r  s e v e r a l  d a i l j ,  operations or' t i le arc which show t h e  reproduc- 

i b i l i t y  i n  terms of r a t i o s  o f  tiie s p e c t r a l  rad iance  of  t h e  a r c  t o  t h a t  

of t h e  c a l i b r a t e d  s t r i p  lm,? re ference  source a r e  given i n  Table 1. 

T h i s  information does not  g ive  the  arc-source reproducib iLi ty  alorie 

b u t  i nc ludes  e f f e c t s  c o r t r i b u t e d  by- t h e  two a l i g r ~ n e n t s  requi red  whi le  

obtair i ing t h e  d a t a .  The reproc-Lcib i l i ty  s t a t e d  should be taken however 

8 s  t n a t  which could be expected with t h e  a c t u a l  use of such a source.  

5. Conclusions 

LA l abo ra to ry  arc-source of high s p e c t r a l  rad iance  approximating 

t h a t  of a 5000 OK blackbody has  been developed and has been ope ra t ing  

or; a t rouble- f ree  i n t e m i t t s n t  b a s i s  f o r  s eve ra lmon ths .  The source 

m y  be used where t h e  s p e c t r a l  r ad iazce  on a d a i l y  b a s i s  having a s tandard  

2 e v i a t i o z  o f  a5oct 2.5% i s  acceptab le .  T ie  soLirce output  can be v a r i e d  

t o  suit tiie i r?dividual  r e q c l r e x e c t s  ojr changing e i t h e r  t h e  t o t a l  p re s su re  

o r  t h e  supply c-iirrer;t. 

o r d e r  02 1% o r  b e t t e r .  

l i x i t s  tiie side-on e x i t  beam t o  f/15. 

t o  n o i s e  r a t i o s  r e l a t i v e  t o  t h e  meamred s p e c t r a l  rad iance  of 200 o r  

b e t t e r  ere observed. 

t k e  21CO A t o  3ZOO A wavelength range. 

Shor t  term (hours )  r e p r o d u c i b i l i t y  i s  i n  t h e  

A t  p r e sen t ,  t h e  i n t e r n e l  geometry of  t h e  u n i t  

During t y p i c a l  ope ra t ion ,  s i g n a l  

The source e x h i b i t s  pure ly  continuous r a d i a t i o n  i n  
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A-b"iit: 'n': ,-. . ,.. - 3. 

(1 ross sar : t iorL 01' t d p i c a l  xstkr-cooled a rc  c o n s t r i c t i a g  c:lernent,. 

Sc ixmst ic  c h g a n  f o r  t h e  h igh  p re s su re  argon supp l j .  The 

l o c b t l o n  of t h e  c o n t r o l  valves  V,  t he  r e g d a t o r s  R ,  t h e  f lou-  

meters M, and t h e  pressure monitor P i s  ind ica t ed .  

F i g u e  4. Schexatic diagram f o r  the a r c  c u r r e n t  r e g u l a t i o n  and power 

loop. 

F' 2 g - e  - ? - ?  5 .  Sckemztic 65agrm. :or the o s t i c a l - e l e c t r o n l z  system f o r  

s p e c t r z l  r a z i a i c e  xeasurments. S i s  t h e  s o m c e  and k' i s  

the  watsr-cooled q z r t z  window. 

M, f i l t e r s  F, g r a t i n g  G ,  and photomul t ip l ie r  PI4 i s  ind ica t ed .  

The l o c a t i o n  of tlle m i r r o r s  

.. F i g w e  6. :ii,oh p res su re  argon s p e c t r a l  rad iance  f o r  a 50 ampere a r c .  

T'ae iower curve is  t h e  s ,ec t ra i  rad iance  r a t i o  o f  t he  a r c  

t o  trie s:rip l am?.  

F i g x e  7. Yign p r e s s m e  argon s p e c t r a l  radiance f o r  a 75 ampere a r c .  

m lower c u r ' v ~  is the s p e c t r a l  rad iance  r a t i o  o f  the a r c  

20 t n e  s t r l ?  l a q .  

rn ~ n o l t :  1. Experimental  r e p r o d u c i b i l i t ,  o f  t h e  s p e c t r a l  rad iance  r a t i o s  

Data i s  given f o r  a 50 ampere o f  t h e  a r c  t o  t h e  s t r i p  lamp. 

a r c  operated a t  300 ps i a .  
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A N e w  High Accuracy Spectroradiometer  

H. J . Kostkowski 
D. E. Erminy 

A .  T. Hattenburg 

Nat ional  Bureau of  Standards 
Washington, D. C .  

,' 
' A  new Spectroradiometer  f o r  t h e  c a l i b r a t i o n  of  s p e c t r a l  rad iance  

s t anda rds ihas  been developed a t  the  NBS I n s t i t u t e  f o r  Basic  Standards.  

The accuracy of  s p e c t r a l  rad iance  c a l i b r a t i o n s  has  oeen i n f e r i o r  t o  

- 1  
..-- - 

t h a t  of almost an;- o the r  widely used phys ica l  quan t i ty ,  e.g. about 3% 

a t  8500 A and 8% a t  2500 %. The nerJ SpectroradiometeS,achieves about 

a f ive- fo ld  improvement i n  accuracy in t h e  8500 1 t o  2500 51 reg ion  and 

0 

I 

- i  

extends  t h e  c a l i b r a t i o n  range down t o  2000 1. i The instrument  i s  *capable - 4' - 
0 - I  

of  a n  estimated accuracy of 0.3% at 6500 1 and 1.5% a t  2100 A .  -- 'Con- 

t i n u i n g  e f f o r t s  are being d i r e c t e d  towards s t anda rd iza t ion  of t h e  ~ a i -  

i b r a t i o n  procedure, extension of the  wavelength range t o  2 .5~ ,  and the  

a p p l i c a t i o n  of t h e  methods t o  var ious types of tungsten s t r i p  lamps 

and t h e  low cu r ren t  carbon arc. 
I 

The - Spectroradiometer  c o n s i s t s  of a double monochromator w i th  a 

pho tomul t ip l i e r  d e t e c t o r  and a s soc ia t ed  e l e c t r o n i c s ,  a s t a b l e  high 

temperature  blackbody, and a set of auxiliary sources  used t o  de t e r -  

mine t h e  blackbody' s temperatur;?\ The a u x i l i a r y  sources  inc lude  another  

blackbody maintained a t  t h e  f r eez ing  temperature  of gold ( t h e  gold po in t  

blackbody),  a vacuum tungs ten  s t r i p  lamp, and a mul t ip l e  beam s p l i t t e r  

2 

device.  A l l  sources  are mounted on amoto r -d r iven la the ,  a l lowing r a p i d  
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and precise positioning of each image on the monochromator slit. When 

the temperature of the high temperature blackbody is known, its absolute 

spectral radiance at any wavelength is given by Planck's radiation law. 

The spectral radiance of a source to be calibrated is then determined 

by direct comparison with the blackbody at each desired wavelength. 

Various factors contribute to the improvements in range and 

accuracy. 

primarily to the ability of the blackbody to operate routinely up to 

The extension of the calibration range to 2000 1 is due 

2700 OC. The improved accuracy of the calibration is due to the high 

accuracy of the blackbody temperature measurement, the stability of 

the blackbody between these measurements, the quality of the blackbody 

(i.e. the emissivity), and to the stress placed upon such factors as 

source positioning and orientation, polarization, and current contrcd 

and measurement. Probably the most significant of these factors is 

the more accurate temperature determination, wherein the monochromator, 

with the auxiliary sources, serves as a photoelectric optical pyrometer. 

Temperature Measuring Technique 

The temperature of the blackbody is determined by comparing its 

radiation, attenuated by a set of calibrated filters, to that from a 

highly stable vacuum tungsten strip lamp. Tables of blackbody temp- 

erature versus lamp current, as derived from the primary calibration 

of filters and lamp relative to the International Practical Temperature 

Scale (IPTS) , yield the required temperature. 
measured at the wavelength 6545.7 A ,  the location of a convenient 

All temperatures are 
0 

standard spectral line. This wavelength region was chosen to facil- 

itate intra-laboratory checks against the NBS photoelectric optical 
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Pyrometer. 
0 

Tile primary c a l i b r a t i o n  procedure ( a t  6545.7 A )  i s  almost 

i d e n t i c a l  t o  t h a t  appl ied  t o  a pho toe lec t e i c  o p t i c a l  byrometer, 

except, t h a t  t h e  narrow bandpass (24 8) of trie Spectroradiometer  r e s u l t s  

i n  an  e f f e c t i v e  wavelength almost independent of source temperature.  

The c u r r e n t  in t h e  vacuum lamp i s  adjus ted  t o  make its s p e c t r a l  rad- 

i ance  equal  t o  t h a t  of t h e  high q u a l i t y  gold po in t  blackbody, and 

t h e  lamp cu r ren t  i s  measured. A small co r rec t ion  due t o  s c a t t e r i n g  

and d i f f r a c t i o n  i s  made, because the sources  are  not  t h e  same s ize .  

For f u r t h e r  lamp cu r ren t  versus  blackbody temperature  po in t s ,  t h e  

m u l t i p l e  beam s p l i t t e r ,  o r  beam combiner, i s  used, c o n s i s t i n g  of 

t h r e e  s t a b l e  sources  (vacuum lamps) and two beam s p l i t t e r s .  Each 

beam s p l i t t e r  is  so  o r i en ted  as t o  t r ansmi t  p a r t  of t h e  r a d i a t i o n  

from one source whi le  r e f l e c t i n g  a p a r t  of t h e  r a d i a t i o n  from a 

second source a long  t h e  same path.  

s p l i t t e r ,  c o n s i s t i n g  of l i g h t  t ransmi t ted  from t h e  f i r s t  source and 

r e f l e c t e d  from t h e  second, i s  t ransmi t ted  through t h e  second s p l i t t e r  

where it i s  combined wi th  t h e  r e f l e c t e d  r a d i a t i o n  from t h e  t h i r d  source 

t o  comprise t h e  f i n a l  output  beam. Each source may be shu t t e red  so 

t h a t  t h e  output  may be due t o  a s i n g l e  source o r  t he  sum of two o r  

t h r e e  sources .  Thus t h e  output  of each of t h e  t h r e e  sources  may be 

made equal  t o  t h a t  of some ex te rna l  lamp and then  combined t o  produce 

an  output  of twice o r  t h r i c e  t h e  l e v e l  of t h e  lamp. A l t e r n a t i v e l y ,  

t h e  sum of  t h e  outputs  of t h e  three sources  may be made equal  t o  

t h a t  of t h e  e x t e r n a l  lamp, and simulataneously equal  t o  each o t h e r ,  

The output  of t h e  f irst  beam 
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r e s u l t i n g  in  a v a i l a b l e  outputs  from one o r  two wources t h a t  a r e  one 

t h i r d  o r  two t h i r d s  t h a t  of t h e  lamp. Each new value t r a n s f e r r e d  t o  

t h e  ex te rna l  lamp g ives  a new s t a r t i n g  po in t  from which t o  r e p e a t  t h e  

above procedure. 

ueen matched t o  tne  gold po in t  blackbody, then  a l l  t hese  f r a c t i o n a l  

If t h e  e x t e r n a l  lamp was t h e  vacuum lamp which had 

and i n t e g r a l  mu l t ip l e s  of i t s  i n i t i a l  value are  m u l t i p l i e s  of t h e  gold 

poin t  r a d i a t i o n ,  i . e . ,  of t h e  r a d i a t i o n  from a blackbody a t  a tempera- 

t u r e  of 1063 O C .  The blackbody temperatures  requi red  t o  produce each of  

t h e s e  mul t ip l e s  a t  6545.7 A a r e  obtained from P lanck ' s  l a w .  

e r a t u r e s  and t h e  assoc ia ted  c u r r e n t s  a r e  used t o  deterfnine t h e  coe f f i c -  

These temp- 

i e n t s  i n  an equat ion r e l a t i n g  t h e  blackbody temperature  of t h e  lamp and 

i t s  cu r ren t .  This  equat ion c o n s t i t u t e s  a low range c a l i b r a t i o n  of t h e  

vacuum lamp. 

t o  auout 1350 OC, s i n c e  a t  h igher  temperatures  the  lamp s t a b i l i t y  i s  

impaired. 

The blackvody temperature of t h e  vacuum lamp i s  l i m i t e d  

A s e t  of s p e c i a l  f i l t e r s  a r e  used t o  extend t h e  primary c a l i b r a t i o n  

t o  t h e  higher  temperatures  requi red .  

f i l t e r  m a t e r i a l s  of oppos i te  temperature c o e f f i c i e n t s  of t ransmiss ion ,  

wi th  r e l a t i v e  th icknesses  chosen t o  aance l  t h e  hea t ing  e f f e c t .  The 

t ransmi t tance  of each f i l t e r  i s  determined by means of t h e  low range 

c a l i b r a t i o n  on the  vacuum lamp. 

t o  reduce t h e  s p e c t r a l  rad iance  of t h e  blackbody t o  match t h a t  of t he  

vacuum lamp. 

t h e  t ransmi t tances ,  wi th  c o r r e c t i o n s  f o r  i n t e r f a c i a l  r e f l e c t i o n s .  

These f i l t e r s  are  composed of two 

A s e t  of such f i l t e r s  i s  then used 

The r a t i o  of s p e c t r a l  rad iances  i s  given by t h e  product of 

J 
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This  r a t i o ,  t oge the r  w i th  the lamp c a l i b r a t i o n ,  y i e l d s  t h e  temperature  

of t h e  blackbody through Planck ' s  l a w .  

S t a b i l i t y  and Quality of the  Blackbodg 

The high temperature  blackbody used i n  t h e  comparison i s  a 

r e s i s t i v e l y  heated g r a p h i t e  c y l i n d e r  wi th  a small hole  d r i l l e d  i n  

t h e  w a l l  at r i g h t  ang le s  t o  t h e  c y l i n d e r  axis. 

t h e  blackbodj. is cont inuously va r i ab le  up t o  abaut  2700 *C and i s  

determined by t h e  spectroradiometer  a t  6545.7 A before and after com- 

par i son  wi th  t h e  test source. 

The temperature  of 

0 

I n  a r d e r  t o  main ta in  a n e a r l y  cons tan t  temperature of t h e  

blackbody over t h e  time period between temperature measurements, a 

r a d i a t i o n  c o n t r o l  deaice is employed. 

senses  the radiation fram a rear w a l l  of t h e  cy l inde r  i s - W a n c e d  

a g a i n s t  tibe autput of a s t a b l e ,  v a r i a b l e  b a t t e r y  supply, which aerv.es 

The output  of a phototube which 

t o  set t h e  des i r ed  level. 

ampl i f ied  and fed t o  a s a t u r a b l e  reac tor - t ransformer  combination 

supplying t h e  blackbody c u r r e n t ,  and t h i s  c u r r e n t  i s  thereby  a l t e r e d  

u n t i l  t h e  phototube output  aga in  matches t h e  b a t t e r y  output .  

measurements have shown a s t a b i l i t y  of 0.1% i n  spectral radiance over 

t h e  t ime per iod between temperature measurements (about 20 min.) . 

Any imbalance i n  t h e  r e s u l t i n g  signal is  

Bepeated 

The blackbody q u a l i t y  of a c a v i t y  depends mainly on t h e  temp- 

e r a t u r e  uni formi ty  of t h e  c a v i t y  walls, t h e  s o l i d  angle  subtended a t  

t h e  s i g h t i n g  a r e a  by any ho le s  in t h e  c a v i t y ,  and t h e  emis s iv i ty  and 
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su r face  condi t ion  ( p a r t i a l  r e f l e c t a n c e )  of t h e  w a l l  material. 

p roper ly  shaping t h e  g raph i t e  tube and t h e  use of s u f f i c i e n t  r a d i a t i o n  

s h i e l d s ,  a temperature  uniformity i n  t h e  main c a v i t y  of about 10 OC 

a t  high temperatures has  been obtained.  

t o  ho le  r ad ius  i s  about 13 f o r  t h e  2 mm ho le  c u r r e n t l y  employed. 

The use of g raph i t e  i n s u r e s  a high emiss iv i ty ,  and t h e  machine thread-  

i n g  o f  t h e  inne r  c a v i t y  wall reduces t h e  p a r t i a l  r e f l e c t a n c e .  With 

these  precaut ions ,  an est imated c a v i t y  emis s iv i ty  of  0.999 has been 

achieved. 

By 

The r a t i o  of c a v i t y  depth 

D e t a i l s  of t h e  Apparatus 

S t r i p  lamps generally e x h i b i t  a v a r i a t i w  i n  s p e c t r a l  rad iance  

wi th  angular  and t r a n s l a t i o n a l  o r i e n t a t i o n ,  r e q u i r i n g  high p rec i s ion  

i n  pos i t i on ing  them i f  r epea tab le  measurements a r e  needed. 

requiremegts Can be relaxed aomewhat if reg ions  of zero gradient 

(" f la t  regions") are loca ted .  Although r e l a t i v e l y  f r e e  of g rad ien t s ,  

t h e  blackbodies must a l s o  be c a r e f u l l y  o r i e n t e d ,  s o  t h a t  some p a r t  of  

t h e  blackbody i s  no t  t h e  a p e r t u r e  s t o p  of t h e  system. 

l o c a t e  these  f l a t  reg ions ,  and t o  r e p o s i t i o n  t h e  sources  p r e c i s e l y ,  

a means o f  making and observing f i n e  motions i s  necessary.  Each 

source i s  a f f i x e d  t o  a double-gimbel mount having s ix  degrees  of 

freedom w i t h  a s e t t i n g  s e n s i t i v i t y  of 0.001 inches  i n  t r a n s l a t i o n  

and 0.1 degrees  i n  angular  motion. 

small notch i n  t h e  f i lament  which se rves  as a r e fe rence  mark along 

t h e  f i lament  l eng th  and a small arrow i s  etched i n  t h e  rear of t h e  

envelope t o  determine t h e  o r i e n t a t i o n  wi th  r e spec t  t o  t h e  o p t i c  a x i s .  

These 

I n  order  t o  

The lamps a r e  f ab r i ca t ed  wi th  a 

L 

.. 



c 
v -7- 

~ 

A high p w e r  t e l e scope  is  used t o  h e l p  o r i e n t  and set t h e  source image 

on a graduated s l i t  mask. 

The double monochromator i s  a qua r t z  pr ism-grat ing instrument ,  

chosen f o r  i t s  l o w  s c a t t e r e d  l i g h t  and adequate wavelength accuracy. 

The pho tomul t ip l i e r  has a t r i - a l k a l i  cathode w i t h  a q u a r t z  window. 

Two calcium f l u o r f h  p l a t e s  a r e  loca ted  a t  t h e  exit s l i t  t o  depolarize 

t h e  instrument  a t  one wavelength, so that t h e  p o l a r i z a t i o n  p r o p e r t i e s  

of t h e  sources  may be mhimized  and measwed. Cur ren t s  for the  lamps 

... 
- 

are provided by h igh ly  s t a h i l f z e d  DC power s u p p l i e s  capable  of main- 

t ab ing  t h e  c u r r e n t  s teady  t o  abaut 0.003% over a per iod  of about ten I 
I 

minutes  and 0.016 over much langer per iods .  The c u r r e n t s  are measwed 

by a six-dial pOten€htmter  reading the potenf,,ial drop across a stable 

I calibrated rmistor. The uncertainty of t h e  c u r r e n t  de-teminat im i s  
1 .  

The b e s t  e s t h a t e  of the present  accuracy of t h e  new Spectre- . .  
rad iometer  yields uncertaint ixis  of 1.5% a t  2100 A ,  1.s a t  2500 A ,  

and 0.9% a t  3aOO A, decreas ing  to 0.3% i n  t h e  r eg ion  6500 t o  8500 A. 

~ 

The s tandard  d e v i a t i a n  of a s i n g l e  de te rmina t ion  a t  each wavelength i s  
I .  
t 

~ 

about one f i f t h  that of the stated u n c e r t a i n t i e s .  

formed on a n m b e r  of gas  f i l led tungsten s t r i p  lamps i n d i c a t e  t h a t  

Measuramenks per- 
I 
I 

l a p  c a l i b r a t i o n  u n c e r t a i n t i e s  wi th in  a f a c t o r  of  two of t h e  s t a t e d  

instrument  u n c e r t a i n t i e s  are poss ib le .  

I 

0 Presen t  e f f o r t s  a r e  being d i r ec t ed  towards s t anda rd iz ing  t h e  

methods used, determining t h e  s p e c t r a l  rad iance  of t h e  low c u r r e n t  

I 

I 
, 



carbon arc ,  and extending t h e  use  of t h e  instrument  t o  2 . 5 ~ .  In 

order  t o  complete t h i s  work as soon as poss ib l e  only  a l imi t ed  number 

of spec ia l  c a l i b r a t i o n s  a r e  being o f fe red  a t  t h i s  t ime.  

be given t o  those r equ i r ing  c a l i b r a t i o n s  below 2500 A and t o  those  

P r i o r i t y  w i l l  

whose research problems e x h i b i t  a need f o r  g r e a t e r  accuracy i n  spec- 

t r a l  radiance th sn  i s  a v a i l a b l e  commercially (about  5%). 

parties r equ i r ing  such c a l i b r a t i o n s  a r e  i n v i t e d  t o  contac t  D r .  H. 2. 

Rostkowski of  t h e  Temperature Physics  Sec t ion .  

Those 
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